Solving the optimization problem (4)
As discussed in Sect. 2.6, we solve the optimization (4) by an iterative procedure. We show here how to compute the gradients of the objective function, which are required for using minPQN. We begin with the objective function:
The first term can be expanded to :
log p(Y|U, V, X, µ, Σ)
(We abuse the notation in (µ T − Y) a bit. When subtracting a matrix from a row vector, we need to vertically replicate the row vector.)
Define:
(basically replacing the zero entries with ones.) We take the derivatives:
from ∂ log p(Y|U,V,X,µ,Σ)
from ∂ i,j log p(I φ ij |U,V)
where
where 3 Choosing the parameter K and α
We select the parameter K of PIMiM that yields the best F1 score as shown in Fig. 3 . In addition, we varied the values of α to examine the interplay effect of predictions of miRNA targets and protein interaction data. The result is shown in Fig. 4 . (Fig. 6 ) includes the miR-302 and miR-520 clusters. These two clusters are shown to display similar expression pattern in the differentiation of human embryonic stem cells [5] . Specifically, the miR-302 family is known for coordinately suppressing genes in the CDK2 and CDK4/6 cell cycle pathways [2] . Indeed, miRNAs in the miR-302 family were assigned to the same module by PIMiM indicating that the module-based approach can help in recovering cooperative regulation of groups of miRNAs. Among the top terms and gene sets from Gene Ontology and MSigDB enrichment analysis are: cell death, CD40 receptor complex, regulation of apoptosis, B cell immune response, TNF receptor signaling pathway, . . . (Table 3) .
Module 48 (Fig. 7 and Table 4 ) All miRNAs in this module were previously reported as active in cancer: miR-130a/b [6] , miR-328 [3] and mirR-504 which negatively regulates tumor suppressor p53 [1] . Mutation of the gene hub CEBPE is shown to increase the risk of acute leukemia [4] .
(a) GO . The x-axis shows the 50 × 3 modules learned for the three cancer types (each x-axis bar is subdivided into 3 with the color corresponding to the cancer type). The y-axis shows miRNAs ordered by hierarchical clustering of their module membership vector. As can be seen, in several cases the same miRNAs are predicted for all or two of the three cancer types. 
